BACKGROUND: We previously noted that older adults admitted to surgical ICUs (SICUs) are at high risk for delirium. In the current study, we describe the association between the presence of delirium and complications in older SICU patients, and describe the association between delirium occurring in the SICU and functional ability and discharge placement for older patients.
critically ill population is thought to be due to both intrinsic and extrinsic factors, including preexisting cognitive impairment (dementia), depression, impairments in activities of daily living (ADL), severity of illness, outpatient use of benzodiazepines or narcotics, and a variety of physiologic abnormalities. 4 Once thought to be an "inconsequential" outcome of ICU care, 1 research suggests that delirium in this setting is associated with multiple unfavorable shortterm and long-term outcomes including higher ICU and hospital costs, 5 longer ICU and hospital length of stay, 2, [6] [7] [8] greater use of continuous sedation and physical restraints, 9 increased removal of catheters and self-extubation, 10 and higher ICU and hospital mortality rates. 6, 11, 12 Delirium is also an independent predictor of mortality at 6 months after hospital discharge in ICU patients receiving mechanical ventilation. 12 Several factors, such as dementia and dependency for the performance of ADLs, are known to contribute to postoperative complications for older adults. 13 Older adults are also more likely to have conditions affecting surgical utilization rates and outcomes, such as cancer diagnoses, malnutrition, and social isolation. 14 However, no studies to date have specifically examined the effect of delirium on outcomes of older adults admitted to surgical ICUs (SICUs). This is a significant gap, considering people > 65 years old comprise more than one half of the average general surgery practice, 14 consume nearly 60% of all ICU days, 15 and are one of the fastestgrowing segments of the US population.
For this reason, we conducted a secondary analysis of a data set that was designed to examine the course of delirium in a cohort of older adults admitted to SICUs. Our first aim was to describe the association between the presence of delirium and complications in older SICU patients. Our second aim was to describe the association between delirium occurring in the SICU and older adults' posthospital functional ability and discharge placement. We hypothesized that there would be a positive association between delirium and SICU complications and that older adults with an episode of delirium during their SICU stay would have decreased functional ability at hospital discharge and would be more likely to be discharged to a place other than home when compared to older adults with no delirium.
Materials and Methods
Data for the current analyses were derived from a prospective, observational, cohort study that was designed to examine the course of delirium in older SICU patients. While the frequency and trajectory of mental status changes of this sample were described elsewhere, 2 none of the outcome data reported in the present study have been previously published. Study participants were recruited from SICUs at the Hospital of the University of Pennsylvania, a 700-bed, urban, teaching hospital. All consecutive patients ≥ 65 years old admitted to the surgical critical care service between August 27, 2004, and December 31, 2004, were considered for study inclusion. The University of Pennsylvania institutional review board approval of the study previously reported 2 included the further statistical analysis included in this article. Written informed consent was obtained from all patients, if capable, and their surrogates. In the event where a patient was not capable of providing informed consent, it was obtained from his/her surrogate and then later obtained when decisional capacity returned.
Enrollment criteria included age ≥ 65 years, English speaking, admitted to a SICU, and managed by the surgical critical care service. Participation also required the availability of a surrogate responder who maintained in-person or telephone contact exceeding 4 h/wk with the patient over the previous 5 years. Both the patient and his/her surrogate needed to agree to participate in the study within 24 to 48 h of SICU admission. Exclusion criteria defined a priori were recent (within 1 year) CNS injury (defined as head or spinal cord injury, neurosurgical procedure, or cerebral vascular accident); current or past treatment for specific Diagnosis and Statistical Manual of Mental Disorders IV axis 1 psychotic disorders; legal blindness; deafness; and, because of the frequent postoperative cognitive dysfunction associated with cardiopulmonary bypass, cardiothoracic surgery. Study enrollment flow is illustrated in Figure 1 .
Structured interviews with all of the subjects' surrogates were conducted within 24 to 48 h of SICU admission to obtain information regarding demographic data, psychiatric history, preadmission visual, hearing and health status, and prior living arrangements. The use of home health care (HHC) services or any assistive device use to perform ADL was also recorded. The Katz ADL 16 index was used to formally assess the baseline functional ability with a reference point of 1 week prior to current hospitalization. The range of scores for the Katz ADL is 0 to 6, with higher scores reflecting higher levels of function. Subjects were screened for evidence of preexisting dementia with the use of the short form of the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE). 17 The short IQCODE requires informants to recall what their relative/family member's memory/intelligence was like 5 years ago and compare it to their present ability. It consists of 16 questions that are rated on a 5-point scale ranging from 1 (much improved) to 5 (much worse). A cut score of 3.31 achieves a balance of sensitivity (79%) and specificity (82%) for detecting dementia. 17 Study personnel recorded the APACHE (acute physiology and chronic health evaluation) II scores, 18 admitting service, operative procedures, and also calculated their Charlson comorbidity index (CCI) 19 scores from the medical record. Mechanical ventilation use was recorded daily throughout the hospital stay. Complication occurrence in the SICU was detected by daily review of physician progress notes for 15 commonly encountered complications (eg, pneumonia, urinary tract infection, pulmonary emboli). Study personnel recorded if, and how many, complications the subjects' had each day during the SICU stay.
Subjects underwent daily sedation/agitation and delirium screening between the hours of 10:00 AM and 7:00 PM from study enrollment to hospital discharge. Interrater agreement for delirium and agitation/sedation status was obtained by having the two study personnel responsible for screenings perform their assessments together until 100% agreement on findings was obtained. Level of arousal was measured using the Richmond Agitation-Sedation Scale, 20, 21 which rates a patient's level of agitation/sedation on a 10-point scale ranging from − 5 (unarousable, not responsive to voice or physical stimulation) to + 4 (combative). Delirium in the SICU was diagnosed with the Confusion Assessment Method for the ICU (CAM-ICU). 23, 24 The CAM-ICU assesses four features of delirium: (1) acute onset or fluctuating course, (2) inattention, (3) disorganized thinking, and (4) altered level of consciousness. 22, 23 To be diagnosed as delirious or CAM-ICU positive, the subject must display features 1 and 2, and either 3 or 4. The CAM-ICU has proven valid and reliable in ICU populations including older adults admitted to medical ICUs. 3 Subjects in this study were coded delirious in the SICU if they had a Richmond Agitation-Sedation Scale score ≥ − 3 and scored positive on the CAM-ICU.
Within 24 to 48 h of anticipated hospital discharge, subjects' were administered the Katz ADL. At this time, both subjects and nurses were questioned about where and with whom subjects would be discharged and whether they would receive HHC services.
Data Analysis
Descriptive statistics were used to examine sample characteristics. The baseline characteristics and intrahospital variables between those subjects who were ever rated delirious during their SICU stay and those who never had delirium during this period were compared using Student t test for continuous variables and χ 2 test for categorical variables.
Two multivariable logistic regression models were developed to determine if SICU delirium had an effect on the subjects' functional ability and discharge placement. In these models, the presence of SICU delirium and covariates, which were chosen based on clinical judgment and previous research studies, 3, 4, [6] [7] [8] [9] [10] [11] 14 were the independent and explanatory variables. Covariates included surgical service type, gender, impaired hearing, preadmission Katz ADL score, IQCODE score, mechanical ventilation use, complications, age, and APACHE II and CCI scores. The dependent variable for the functional ability model was a change in the subjects Katz ADL score from hospital admission to discharge (where the probability modeled was 1 (decrease in KATZ ADL score) vs 0 (increase or no change from admission to hospital discharge). Similarly, multivariate logistic regression was used to determine if SICU delirium affected the subject's likelihood of being discharged to a place other than home (where the probability modeled was 1 [any place other than home] vs 0 [home]). In both models, adjusted odds ratios with 95% confidence intervals (CIs) were calculated. Models were assessed for evidence of multicollinearity and goodness of fit. Statistical significance was defined as a p value < 0.05, and all analyses were performed using statistical software (SAS version 9.1; SAS Institute; Cary, NC).
Results
Demographic and preadmission characteristics of the 114 subjects are presented in Tables 1,  2 . The subjects were predominantly older (average age, 75 years), white (85%), and male (59.6%). While most subjects had visual impairment (98.3%) or hearing loss (43.9%), the vast majority were living at home (96.5%) prior to hospitalization. Thirty-three subjects (28.9%) used some type of assistive device to perform the ADL. Only 9.1% of those living at home received HHC services prior to hospitalization. Twenty-one subjects (18.4%) scored ≥ 3.31 on the IQCODE (suggesting evidence of preexisting dementia). Severity of illness as measured by APACHE II was 14.5 ± 6.7 on SICU admission. Study subjects had an average CCI score of 4.5 ± 2.9 (± SD). Forty-eight subjects (42.1%) received mechanical ventilation sometime during SICU admission. Thirty-four subjects (29.8%) had delirium sometime during SICU stay. Subjects with SICU delirium were significantly more likely to have preadmission hearing impairment, have an unplanned hospital admission, receive mechanical ventilation, and have higher APACHE II scores than nondelirious subjects (Table 1) .
Complications
Thirty-six subjects (31.6%) had at least one complication during SICU stay. A total of 73 complications were experienced by the sample. Most of the complications were cardiopulmonary, and included cardiac arrhythmias (n = 19), pneumonia (n = 7), and reintubation (n = 7). Subjects with delirium were significantly more likely than nondelirious subjects to have an SICU complication (20 of 34 subjects [59%] vs 16 of 80 subjects [20%]; p = 0.001). Complications preceded delirium onset in most subjects who experienced delirium (16 of 20 subjects).
Discharge Placement
Of the 109 subjects with postdischarge placement information, most (n = 74; 67.9%) were discharged directly home ( Table 2 ). The majority of these subjects reported they would be living with their spouse on discharge (70.3%; 52 of 74 subjects). Thirty-three patients (44.6%) discharged home reported they would be receiving HHC services. Thirty-five subjects (32.1%) required some form of postdischarge institutional care. Most of these subjects were discharged to either skilled nursing facilities (n = 15) or rehabilitation centers (n = 14). Univariate analysis revealed that in addition to SICU delirium, an unplanned admission, hearing loss, assistive device use, lower preadmission functional status, complications, and surgical service type were all significantly associated with discharge placement (Table 3) . After adjusting for these variables, only SICU delirium (p = 0.003) was associated with discharge to a place other than home. Delirium occurring in the SICU increased by 7.2 (CI, 1.93 to 26.82) the odds of being discharged to place other than home (Table 4) .
Functional Ability
While 78.1% (89 of 114 subjects) were functionally independent prior to hospital admission, fewer than half (42.2%; 46 of 109 subjects) were fully independent at discharge ( Table 2 ). The Katz ADL category with the greatest percentage decrease from admission to discharge was transferring, followed by dressing and bathing. A total of 4 subjects had an improvement in Katz ADL score from admission to discharge, 50 subjects had no change, and 55 subjects had a decrease. A total of 21 of 31 delirious subjects (67.7%) had a decrease in Katz ADL scores, vs 34 of 78 nondelirious subjects (43.6%) [p = 0.023]. Univariate analysis revealed in addition to delirium, surgical service type, an unplanned admission, female gender, and complications were all significantly associated with a decrease in Katz ADL score (Table 3) . Only gender was found to significantly predict functional decline in the multiple regression model (Table  4) . Female subjects were at a 5.8 (95% CI, 1.96 to 17.20) increased odds of having a decrease in Katz ADL score from admission to hospital discharge. Delirium in the SICU approached significance (p = 0.059), increasing the odds of functional decline by 3.4 (95% CI, 0.95 to 12.19).
Discussion
To our knowledge, this is the first study examining the association of delirium and short-term outcomes of older adults admitted to SICUs. We found that nearly one third of older adults admitted to a SICU had a complication during their ICU stay. There was a strong association between SICU delirium and complication occurrence. Unexpectedly, most subjects in this sample had a complication before delirium was diagnosed. This suggests that ICU complications may serve as a risk factor for delirium. Further study of this area is warranted. This is particularly important as the Centers for Medicare and Medicaid Services consider expanding the list of hospital-acquired conditions for nonpayment. The proposed list for 2009 includes delirium and conditions (ie, complications) such as extreme blood sugar derangement, iatrogenic pneumothorax, ventilator-associated pneumonia, and deep vein thrombosis/ pulmonary embolism. 24 We also found that SICU delirium was associated with a decrease in functional ability at hospital discharge and greater likelihood of being discharged to a place other than home. Even after controlling for a number of important variables including age, severity of illness, and mechanical ventilation use, an older adult with SICU delirium was seven times more likely to be discharged to a place other than home. While not statistically significant, delirium increased the odds of functional decline over threefold. It is likely, that if the sample had been larger, this finding would have reached significance. These results are consistent with prior studies of the effect of delirium on hospitalized (non-ICU) older adults' functional ability and discharge placement. [25] [26] [27] [28] Our findings have significant clinical and research implications. First, they support the mounting evidence that delirium is an important, independent prognosticator of poor outcomes in the critically ill older adult. We suggest both routine delirium assessment and the judicious use of sedatives and analgesics (as offered in the SCCM guidelines) 29 be incorporated into the plan of care of all critically ill older adults. We also suggest that strategies intended to decrease the frequency and severity of delirium in hospitalized older adults (ie, restraint reduction, early device removal, frequent mobilization, hearing and visual aids, and efforts to improve patient communication through assistive strategies) be implemented in the critical care setting. For example, a study 30 of older patients with femoral neck fracture demonstrated that the application of comprehensive geriatric assessment, management, and rehabilitation decreased the number of days of postoperative delirium, decreased complications, and shortened length of hospitalization. Similar success has been demonstrated in the Hospitalized Elder Life Program. 31 Despite the lack of randomized control trials in the ICU setting, there is clearly a need for evidence-based practices to be rigorously employed during the perioperative period. Practical interventions focused on optimal fluid and electrolyte management, nutrition, sleep, and mobility may help reduce delirium and its impact in the ICU.
Our investigation has several limitations. The inclusion of only older, English-speaking surgical patients recruited from a single institution limits generalizability of study findings. We are unable to establish a true "cause/effect" relationship between delirium and the selected outcomes; however, we do provide evidence of the negative effect of SICU delirium on important outcomes. The Katz ADL instrument was selected because of its wide use in the geriatric research literature; however, this instrument is limited by its relatively coarse measure of function. Using surrogates to obtain information regarding the subjects' preadmission health status, functional and cognitive ability, and living arrangements creates the possibility that the surrogates either overestimated or underestimated the older adults' actual status. As with many clinical research studies, the number of covariates measured and examined was limited. It is possible that other factors may impact older adults' short-term outcomes. For example, delirium is treated in diverse ways (ie, restraint/sedation/analgesic use), and these different methods of managing delirium have the potential to influence the outcome variables that were assessed. Finally, in our multivariable models SICU delirium was handled as a yes/no event. It is possible our results may have differed if delirium severity was measured or the time-varying aspect of this disorder was considered.
The strengths of this study include its prospective design, the frequency of delirium assessment, and the focus on older SICU patients, a population that had not been studied previously. The study is also strengthened by the use of a wide variety of valid and reliable tools to measure delirium, dementia, agitation and sedation, severity of illness, functional ability, and comorbidities.
In this study of older adults admitted to SICUs, complications were associated with increased incidence of delirium. Delirium significantly increased the likelihood that older adults would be discharged to a place providing higher levels of dependent care. The consequences of SICU delirium are costly from a resource, economic, and social perspective. Clinicians should routinely assess for delirium in the ICU and aggressively manage it. Further research is needed on how to better prepare elders for surgery, elucidate risk factors for delirium in the SICU, and prevent/treat delirium in the acute care setting. Flow of study enrollment. SCCS = surgical critical care service. * General surgery category includes colorectal, surgical oncology, and GI surgical services. † Other category includes otorhinolaryngology, oral/maxillofacial, urology, gynecology/oncology, orthopedics, and plastic surgical services. ‡ The type and number of SICU complications in the study population included cardiac arrhythmias (n = 19), pneumonia (n = 7), reintubation (n = 7), urinary tract infection (n = 6), acute renal failure (n = 6), GI bleeding (n = 6), deep vein thrombosis (n = 5), myocardial infarction (n = 4), suspected adverse drug event (n = 4), sepsis (n = 3), pulmonary emboli (n = 3), cerebral vascular accident (n = 2), and cardiopulmonary resuscitation (n = 1). * C statistic for discharge placement model = 0.83; C statistic for functional ability model = 0.81. † General surgery category includes colorectal, surgical oncology, and GI surgical services. ‡ Other category includes otorhinolaryngology, oral/maxillofacial, urology, gynecology/oncology, orthopedics, and plastic surgical services. § The type and number of SICU complications in the study population included cardiac arrhythmias (n = 19), pneumonia (n = 7), reintubation (n = 7), urinary tract infection (n = 6), acute renal failure (n = 6), GI bleeding (n = 6), deep vein thrombosis (n = 5), myocardial infarction (n = 4), suspected adverse drug event (n = 4), sepsis (n = 3), pulmonary emboli (n = 3), cerebral vascular accident (n = 2), cardiopulmonary resuscitation (n = 1).
